clearly defined. In a previous randomized trial comparing disease. However, long-term maintenance has been difficult to achieve comprehensive pulmonary rehabilitation with an education after short-term treatment. We evaluated a telephone-based maincontrol group with 6 years of follow-up, we reported substantenance program after pulmonary rehabilitation in 172 patients tial improvements in exercise tolerance, symptoms (e.g., dyswith chronic lung disease recruited from pulmonary rehabilitation pnea), and self-efficacy for walking after rehabilitation (11).
if needed. Monthly reinforcement sessions were similar to the initial Health care use. Use of health care services in the most recent 3 months was obtained from a self-reported questionnaire including rehabilitation program sessions. They were designed to review informainformation on hospitalizations, outpatient visits, and telephone calls. tion previously taught, re-evaluate each patient's home treatment program, and provide encouragement and reinforcement. These sessions Statistical Analyses included 1.5 hours of supervised exercise, 1.0 hour of topic review, and 0.5 hours of social time.
Data before and after rehabilitation for all subjects (prerandomization) were evaluated with descriptive statistics and analysis of variance with Assessments repeated measures. Experimental groups were compared with postrehabilitation data using independent t tests for continuous variables and Outcome measures, including physiologic tests of pulmonary function 2 tests for discrete variables. and exercise tolerance and psychosocial measures of dyspnea, depresEffects of the maintenance program were evaluated in a two-way sion, quality of life, overall health status, and health care use were analysis of variance (group ϫ time) with repeated measures. Data from obtained before and after pulmonary rehabilitation and 6, 12, and postrehabilitation, 6-month, and 12-month assessments were used to 24 months later. Research staff separate from clinical staff performed evaluate the maintenance program. Data from 12-and 24-month assessthe assessments. Because of the frequent contacts with maintenance ments were used to evaluate residual changes after the maintenance group subjects in the same location as assessments, group assignment sessions were discontinued. could not be totally blinded, but assessments were performed without Mortality was evaluated using the Kaplan-Meier product-limit identification.
method of survival analysis; groups were compared with the log-rank Physiologic measures. Pulmonary function tests included spirometest. try, lung volumes and airway resistance by body plethysmography, single-breath diffusing capacity, maximal inspiratory and expiratory pressures, and maximal voluntary ventilation (MVV). Testing and qual-
RESULTS
ity control procedures were in accordance with standard and recomPulmonary Rehabilitation Program mended methods (21, 22) . At the prerehabilitation evaluation only, spirometry was repeated after use of an inhaled bronchodilator.
Over a 4-year period, 340 patients enrolled in the 8-week UCSD Maximal exercise tolerance was evaluated with an incremental, Pulmonary Rehabilitation Program. A total of 190 patients comsymptom-limited treadmill test with expired gas measurements. Maxipleted the program (attended at least 8 of 12 sessions within 3 mal treadmill workload was estimated in terms of metabolic equivalents months) and were eligible for the study; of these, 172 (91%) (METS) (estimated oxygen uptake in METS) based on speed and grade agreed to participate and were randomized to either the experi- (11) . Rest and exercise arterial blood gases were obtained only at the mental maintenance program (E; n ϭ 87) or standard care conprerehabilitation assessment. Sa O 2 was monitored with cutaneous oximetry. Perceived symptoms of breathlessness and muscle fatigue were trol (C; n ϭ 85) for 1 year. Eight randomized subjects were rated at the end of exercise with a scale adapted from Borg ranging tions to cover the maximum distance possible in 6 minutes. Scripted Table 1 summarizes selected descriptive characteristics and reinforcement was provided each minute. For the first assessment, subchanges after pulmonary rehabilitation in all 164 subjects before jects were tested twice to compensate for learning; the maximum distance on either test was recorded. Subjects rated perceived symptoms randomization. Overall, these patients had moderate to severe of breathlessness and muscle fatigue at the end of the test (23).
pulmonary impairment with markedly reduced exercise tolerPsychosocial measures. Dyspnea was assessed with two measures:
ance and quality of life. As expected, there were significant im-(1 ) the UCSD Shortness of Breath Questionnaire self-reported dyspnea provements after pulmonary rehabilitation in measures of exerduring activities of daily living (11, 24) and (2 ) the Baseline and Transicise performance (maximal treadmill workload in METS, 6-minute tion Dyspnea Indices administered by an interviewer (25) . walk distance), symptoms (perceived breathlessness and muscle
The Centers for Epidemiologic Studies-Depression Scale was used fatigue during exercise tests and questionnaire measures of dysas a general measure of depression (26, 27) . pnea), self-efficacy for walking, depression, quality of life includSelf-efficacy was evaluated with a questionnaire adapted by Kaplan ing both general (QWB, Rand 36-Item Health Survey) and disand colleagues that emphasizes walking (28, 29). Subjects rated the ease specific (CRQ) instruments, and overall health status. After highest of nine levels of walking intensity that they were 100% confident they could complete. randomization, the two experimental groups were comparable Quality of life was evaluated using three instruments: a generic on all measures with a few notable differences. There were utility measure, a profile instrument, and a disease-specific measure.
significantly more females in the standard care control (46/81 ϭ The Quality of Well-Being Scale (QWB) was administered by an 57%) compared with the maintenance (29/83 ϭ 35%) group. interviewer (30, 31). Mean QWB was calculated as a combined index Also, the overall rating of health status was significantly higher of morbidity and mortality by averaging in 0 for deaths. The index was in the control group (6.4 Ϯ 1.7 vs. 5.8 Ϯ 1.9). Additional data also calculated as a living-person measure excluding deaths (11, 32) . The main results of the 1-year maintenance intervention for the scoring differences.
138 subjects who completed assessments at 6-and 12-month The Chronic Respiratory Questionnaire (CRQ) was administered follow-ups are summarized in Table 2 . Thirteen patients died by an interviewer. This disease-specific quality of life instrument evalubefore the 12-month follow-up (7E, 6C). Compared with the 138 ates four domains: dyspnea, fatigue, emotional function, and mastery subjects who completed both the 6-and 12-month assessments, (35) (36) (37) .
baseline data for the 13 deceased patients indicated significantly
Patients were asked to rate overall health status on a 10-point scale Table 3 baseline function and symptoms in the deceased patients, but for the 131 subjects who completed the 24-month follow-up. these did not reach statistical significance. In addition, 13 subjects Thirty-three subjects (14E, 19C) did not complete at least one (2E, 11C) did not complete at least one of the follow-up assessof the assessments for the following reasons: 20 deceased (10E, ments. There were no significant differences in baseline measures 10C), 13 refused (4E, 9C). In general, these findings indicate profor these subjects compared with the 138 subjects who completed gressive, continued decline in lung function, exercise perforboth follow-ups. Compliance with the maintenance intervention mance, symptoms, and quality of life in both groups. In general, was excellent. Eighty-eight percent of subjects attended at least by 24 months subjects had returned to levels that were close to, 8 of the 12 monthly sessions; 70% attended at least 10 of 12.
but still slightly above, prerehabilitation measures. For the weekly telephone calls, 97% of the maintenance subjects
Results for all three phases of the trial are depicted graphicompleted at least 50 calls during the intervention year.
cally for selected variables in Figure 2 (maximum treadmill workOver the 12-month intervention period after pulmonary rehaload) and Figure 3 (QWB, excluding deaths). Figure E1 in the bilitation, measures of exercise tolerance (maximum treadmill online supplement presents results for the overall health status workload in METS, 6-minute walk distance) and overall health measure. Three separate analyses are presented, including: (1 ) status ratings were significantly better maintained in the experipre-and postrehabilitation in 164 subjects who completed the promental subjects compared with control subjects. Maximal treadgram; (2 ) postrehabilitation, 6-month, and 12-month follow-up mill workload and overall health status were maintained in the in 138 subjects who completed those assessments; and (3 ) 12-and experimental subjects and declined in control subjects. The 24-month assessments in 131 subjects who completed those as-6-minute walk distance declined in both groups, but it declined sessments. The overlap at the postrehabilitation (Analyses 1 and more in control subjects. There was significant decline over time 2) and 12-month (Analyses 2 and 3) time periods indicate that in both groups in measures of lung function (FEV 1 , total lung there was no significant effect of differential loss to follow-up. capacity, MVV), 6-minute walk distance, and questionnaire assessments of self-efficacy, depression, dyspnea (UCSD Shortness Health Care Use of Breath Questionnaire, Baseline and Transition Dyspnea IndiResults of the Health Care Utilization Questionnaire are preces), QWB (including deaths), CRQ, and summary scores of sented in Table 4 . As in Tables 2 and 3 , these data are reported Rand 36-Item Health Survey. There were no significant changes separately for patients who completed 6-and 12-month followin V o 2 max, perceived symptom ratings during exercise, and QWB ups during the 12-month intervention period (A) and those who (excluding deaths).
completed both 12-and 24-month follow-ups in the year after Because of the potential importance of the effects the sex of the intervention period (B). During the intervention year, there a person has on the response to rehabilitation and to the maintewas a significant group ϫ time interaction for hospital days with nance program, we performed additional exploratory analyses an overall reduction in favor of the maintenance group. Similar for selected outcome measures (maximal treadmill workload, trends in favor of the maintenance patients were observed for 6-minute walk distance, UCSD Shortness of Breath Questionother variables, but these did not reach statistical significance. naire, health status, and QWB) and found no significant effects the sex of a person has on the results.
During the second year of follow-up (after the intervention pe- those observed in our previous study (11) . In the current study, tionnaire, Sickness Impact Profile). Wijkstra and colleagues ran-
domized 36 patients with COPD into three groups (39). Two † p р 0.01.
experimental groups received 18 months of home rehabilitation therapy with 3 months of twice weekly sessions followed by either weekly or monthly maintenance. The control group received no rehabilitation. All subjects were followed for 18 months. They reported improved quality of life (CRQ) in the riod), both the number of physician/clinic visits and phone calls experimental groups compared with control groups, although were significantly lower in the maintenance subjects.
the benefits diminished over the 18-month course of the study. Over 2 years of follow-up, there was no difference in survival There were no significant group differences in measured exercise between the two groups. Twenty patients were deceased, 10 in each group.
tolerance (6-minute walk). ) in the experimental maintenance and control groups for the three phases of the study: (1 ) 164 eligible patients before and after the pulmonary rehabilitation program; (2 ) 138 patients who completed both 6-and 12-month follow-ups during the intervention period; and (3 ) 131 patients who completed both 12-and 24-month follow-ups in the year after the intervention period.
TABLE 2. RESULTS OVER 12-MONTH INTERVENTION PERIOD IN 138 PATIENTS WHO COMPLETED BOTH 6-AND 12-MONTH FOLLOW-UPS

TABLE 3. RESULTS OVER 12 MONTHS AFTER INTERVENTION PERIOD IN 131 PATIENTS WHO COMPLETED BOTH 12-AND 24-MONTH FOLLOW-UPS
In a small randomized trial of repeat pulmonary rehabilitation study. We were puzzled by this previous observation and, for this reason, included several other measures of qualify of life programs administered 1 and 2 years after initial treatment with 61 patients with COPD, Foglio and colleagues reported that reincluding both general and disease-specific instruments. In this study, significant improvements were observed in all measures treatment produced improvements in exercise tolerance, dyspnea, and quality of life but that overall changes over 2 years of quality of life consistent with the results of other clinical trials.
Although we cannot clearly explain the absence of QWB changes did not differ between the experimental and control groups (40). However, there were significantly fewer exacerbations in the in the prior study, there are some differences in the subjects in the two studies worth noting. In the present study there were retreatment group compared with the control group. These results are intriguing, but conclusions are limited by the high dropmore females (46 vs. 27%), and the patients had more severe lung disease (FEV 1 Overall, this randomized clinical trial showed that weekly The ability of pulmonary rehabilitation programs to produce clinically significant and meaningful changes in exercise function, telephone contacts and monthly supervised rehabilitation sessions produced modest effects in maintaining improvements in symptoms, and quality of life has now been well documented (3, 4, 6) . Studies that have followed patients longer than 6 months exercise tolerance and ratings of overall health status over the course of the 12-month intervention. However, it failed to extend show that benefits tend to diminish after about 1 year (7, (11) (12) (13) (14) (15) (16) (17) . Following a behavioral change model, changes in health behavior the period of benefit in pulmonary rehabilitation for other outcome measures. There are several possible explanations for the over this time period are reasonable for a short-term intervention like that typically provided in pulmonary rehabilitation. modest effects of the maintenance intervention and the failure to demonstrate stronger long-term benefits after short-term reFailure to obtain long-term benefits from short-term intervention parallels the literature for other behavior change studies.
habilitation treatment. Among these, we will consider three explanations: weakness of outcome measures, ineffectiveness of Behavioral intervention is designed to teach new habits. In theory, behavioral treatment can be applied at a single point in intervention, and the challenges and changes associated with chronic disease. time to achieve lasting behavior change. However, behavioral research relevant to health habit changes rarely demonstrates One possible reason for the modest effects of the maintenance intervention is that the measures, particularly the psychosocial long-term effects of such intervention. Difficulty in maintaining positive health behavior change is not unique to pulmonary outcomes, included so much error that it would be difficult to detect a true treatment effect. However, there were significant rehabilitation. Long-term maintenance of behavior change has also been difficult to demonstrate in research on smoking cessachanges in most of these measures before and after rehabilitation. If the measures were insensitive, such changes might not tion, weight loss, or exercise adherence (41) (42) (43) . Indeed, the finding that patients show behavior change while on treatment have been expected. Furthermore, changes between postrehabilitation and final follow-up were also observed. Also, we had that is not maintained after treatment is common and consistent across many different intervention studies in behavioral medimultiple outcome measures. Even without adjustment for multiple comparisons, there was little evidence for differential maintecine (18) . Epstein suggests that this failure to maintain treatment effect is explained by behavioral theory (19) . It is a common nance between the experimental and control groups for most of these measures. Thus, it seems unlikely that weak psychosocial finding that variables responsible for behavior acquisition may differ from variables that influence maintenance of behavior outcome measures can explain the failure to detect differences between groups. change. Although continuous schedules of reinforcement are required during acquisition, intermittent reinforcement sched-A second consideration is that the treatment was not of sufficient strength to produce the anticipated changes. As a purely ules may be more effective for producing long-term change.
One of the interesting differences between the current study behavioral intervention after short-term rehabilitation treatment, this explanation has some merit. It is certainly possible that and our prior clinical trial (11) is the significant improvement observed in the QWB scores that did not occur in the earlier a telephone-based intervention alone does not provide sufficient Figure 3 . Changes in the Quality of Well-Being Scale-excluding deaths-in the experimental maintenance and control groups for the three phases of the study: (1 ) 164 eligible patients before and after the pulmonary rehabilitation program; (2 ) 138 patients who completed both 6-and 12-month follow-ups during the intervention period; and (3 ) 131 patients who completed both 12-and 24-month follow-ups in the year after the intervention period.
support to overcome significant barriers to maintenance in this Death of spouses and friends are common; these create major disruptions in behavior patterns. Patients with chronic lung dischallenging patient group. This is one reason why we also included monthly, supervised in-person reinforcement sessions.
eases are particularly susceptible to periodic exacerbations that produce profound, sustained changes in symptoms and function. The rationale for behavioral interventions has been that they provide skills for coping with illness, but it is assumed that overall Deterioration in health status may make it impossible for such patients to resume or maintain a treatment plan developed prehealth status is relatively stable. Even among stable, less impaired individuals, it is difficult to maintain the complex behavior viously. Patients with chronic disease need ongoing reassessment and changes in their treatment regimen. changes associated with an intervention like pulmonary rehabilitation. The barriers and challenges for a sicker patient population Current rehabilitation strategies incorporated into an acute care model as a short-term intervention, even with optimal mainare even greater and may require more intensive maintenance strategies.
tenance strategies, may not work for many patients with disabling lung disease. A final consideration is the inherent unstable nature of severe, disabling chronic lung diseases. Chronic problems require chronic In summary, the results of this study suggest that a maintenance program of weekly telephone contacts plus monthly superevaluation and treatment. For example, the treatment of hypertension, diabetes mellitus, and congestive heart failure all require vised reinforcement sessions was only modestly successful in maintaining health benefits and was not sufficient to fully prevent continuing intervention. The challenges of chronic illness create an ongoing series of new and different problems. Not only are regression of beneficial health outcomes after successful pulmonary rehabilitation in patients with advanced chronic lung disthere continuing problems associated with progressive illness and associated complications but also the aging process and ease. More work is needed to evaluate optimal methods for incorporating rehabilitation strategies into disease management deteriorating health create a continual stream of new challenges. Furthermore, social contacts for older patients often change.
programs for patients with chronic lung disease. 
